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VACUUIVI PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 

5 Technical Field of th e Invention 

The present invention relates to a vacuum processing apparatus in which an 
objects to be processed, such as a semiconductor wafer, is processed in a vacuum 
atmosphere in a semiconductor manufacturing process or the like. 

10 Description of the Related Art 

In the semiconductor manufactaring process, the semiconductor wafer is 
introduced in a processing vessel capable of forming a vacuum, so that the wafer 
is subjected to film-forming, etching, etc. in the vacuum atmosphere. In such a 
process in the vacuum atmosphere, a turbo-molecular pump is often used as a 
15 vacuum pump for producing the vacuum atmosphere. 

As one structure for producing the vacuum atmosphere in the processing 
vessel by means of the turbo-molecular pump, there is known a plasma etching 
apparatus 1 shown in Figs. 7 and 8. In order to mount a wafer W, the plasma 
etching apparatus 1 includes a susceptor 3 arranged in a processing vessel 2. 
20 On the underside of the susceptor 3, a driving mechanism 4 is provided for 

driving the susceptor 3 up and down. Further, above the susceptor 3, a shower 
head 5 is provided for introducing process gas, such as CF4, in the processing 
vessel 2. On the lateral side of the processing vessel 2, for example, two 
exhaust pipes 6 are connected in order to exhaust the vessel 2 thereby to form a 
25 vacuum therein. 

On both sides of the processing apparatus 1, a pair of turbo-molecular pumps 
10 are connected with the exhaust pipes 6, respectively. In each of the turbo- 
molecular pumps 10, a motor stator 11 is provided for a center shaft of the pump 
10 and a motor rotor 13 is rotatably arranged about the motor stator 11 through a 
30 bearing 12. The motor rotor 13 is provided, on its upper portion, with a number 
of rotors 14 which operate to absorb the process gas downward in the molecular 
condition. Further, the turbo-molecular pump 10 includes a housing 15 
provided with a number of stators 16. 

In operation, when the motor rotors 13 of the turbo-molecular pumps 10 are 
35 rotated simultaneously, the great number of rotors 14 are also rotated against the 
stators 16. Consequently, the exhaust gas in the processing vessel 2 is sucked in 
the molecular condition via the exhaust pipes 6, so that the interior of the 
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processing vessel 2 is maintained under a generally vacuum condition. 

However, there exists a problem in the above structure where the pair of 
turbo-molecular pumps 10 are arranged on both sides of the processing apparatus 
1 in order to form a vacuum in the processing vessel 2. The problem is that the 

5 floor area occupied by the turbo-molecular pumps 10 is too large. Therefore, it 
is apprehended that, with the future progress of the large diameter semiconductor 
wafer, the floor area occupied by the vacuum pumps is farther increased thereby 
to cause the processing installation to be large-sized. Under such an 
anticipation, there is an eager demand to reduce the floor space to be occupied by 

10 the vacuum pump to the utmost. 

SUMMARY OF THE INVENTION 

15 Under such a situation, it is therefore an obj ect of the present invention to 
provide a vacuum processing apparatus which is capable of minimizing the size 
of the whole apparatus in order to reduce the floor area to be occupied by the 
vacuum pump. 

According to the first feature of the invention, there is provided a vacuum 
20 processing apparatus for applying a designated process on an object to be 

processed in a vacuum atmosphere, comprising a processing vessel for 

applying the designated process on the object introduced thereinto, and a vacuum 
pump arranged on either downside or upside the processing vessel so as to be 
coaxial with the processing vessel, for sucking exhaust gas in the processing 

25 vessel thereby to form a vacuum. In this way, when arranging the vacuum 
pump on either downside or upside of the processing vessel coaxially, then it is 
possible to remarkably reduce the floor area occupied by the vacuum pump in 
comparison with a case of arranging the vacuum pump on the lateral side of the 
processing vessel, whereby the whole processing apparatus can be small-sized. 

30 Therefore, even if the processing vessel is caused to be large-sized with the 
future large diameter object to be processed, it is possible to prevent the floor 
area occupied by the whole apparatus from being increased remarkably. 

The second feature of the invention resides in that, in the arrangement where 
a susceptor for mounting the object is provided in the processing vessel, the 

35 vacuum pump is arranged below the susceptor so as to be coaxial with the 
processing vessel. In this case, it is possible to reduce the occupied area 
furthermore. 
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The third feature of the invention resides in that the vacuum pump is 
constructed cylindrically as the whole. In this case, it is possible to reduce the 
occupied area remarkably. 

According to the fourth feature of the invention, there is provided a vacuum 

5 processing apparatus for applying a designated process on an object to be 

processed in a vacuum atmosphere, comprising: a processing vessel for applying 
the designated process on the object mtroduced thereinto, the processing vessel 
being provided, therein, with a susceptor for moimtuig the object thereon; a 
vacuum pump constructed cylindrically as a whole and arranged below the 

10 susceptor in the processing vessel so as to be coaxial with the processing vessel, 
for sucking exhaust gas in the processing vessel thereby to form a vacuum; and a 
driving mechanism arranged below the susceptor, for moving it up and down, 
wherein the vacuum pump is arranged around the driving mechanism coaxially 
therewith. In this case, since the vacuum pump is arranged around the large- 

15 sized driving mechanism, it is possible to progress the effect of reducing the 
occupied floor area remarkably. 

The fifth feature of the invention resides in that the vacumn pump is a turbo- 
molecular pump. 

According to the sixth feamre of the invention, there is provided a vacuum . 
20 processing apparatus for applying a designated process on an object to be 

processed in a vacuum atmosphere, comprising: a processing vessel for applying 
the designated process on the object introduced thereinto, the processing vessel 
being provided, therein, with a susceptor for mounting the object thereon; a 
turbo-molecular vacuum pump constructed cylindrically as a whole and arranged 
25 below the susceptor in the processing vessel so as to be coaxial with the 

processing vessel, for sucking exhaust gas in the processing vessel thereby to 
form a vacuum, the turbo-molecular vacuum pump includmg: a cylindrical inner 
housing arranged in coaxial with the processing vessel; a cylindrical motor stator 
arranged outside the cylindrical inner housing; a number of rotors rotatably 
30 arranged with respect to the cylindrical motor stator; a cylindrical outer housing 
arranged outside the rotors; and a number of stators fixed to the cylindrical outer 
housing so as to each extend between the adjacent rotors; and a driving 
mechanism arranged below the susceptor, for moving it up and down, wherein 
the vacuum pump is arranged around at least a portion of the driving mechanism 
35 coaxially therewith. In a conventional motor having a rotatmg member like a 
rotor, there has been no idea to provide a rotatmg shaft of the rotating member in 
the form of a cylinder and dispose another mechanism in the shaft. 
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The seventh feature of the invention resides in that the vacuum processing 
apparatus further comprises an exhaust port communicating with the vacuum 
pump and opening to the interior of the processing vessel, wherein the exhaust 
port is arranged in a floor of the processing vessel annularly and uniformly. 
5 The eighth feature of the invention resides in that the exhaust port is identical to 
an annular opening succeeding in the circumferential direction of the processing 
vessel. The ninth feature of the invention resides in that the exhaust port is 
constituted by a plurality of openings separated from each other in the 
circumferential direction of the processing vessel. In this way, owing to the 
10 arrangement where the exhaust port is formed in the circumference of the vessel 
about the axis, it is possible to perform the exhausting operation uniformly and 
quickly in comparison with a case of absorbing the gas through the lateral side of 
the processing vessel. 

The tenth feature of the invention resides in that the exhaust port is arranged 
15 around the susceptor for mounting the substrate thereon. 

The above and other features and advantages of this invention will become 
apparent, and the invention itself will best be understood, from a study of the 
following description and appended claims, with reference had to the attached 
drawings showing a preferred embodiment of the invention. 

20 

BRIEF DESCRIFnON OF TEIE DRAWINGS 

Fig. 1 is a sectional view showing a plasma etching apparatus in accordance 
25 with an embodiment of the present invention; 

Fig. 2 is a cross sectional view taken along a line II-II of Fig. 1; 
Fig. 3 is a cross sectional view taken along a line III-III of Fig. 1, also 
showing the profile of an exhaust port; 

Fig. 4 is a cross sectional view at a position similar to that of Fig. 3, also 
30 showing the profile of another exhaust port; 

Fig. 5 is a view showing streamlines of exhaust gas in case of simulating the 
exhausting operation of the apparatus shown in Figs. 1 and 2; 

Fig. 6 is a view showing the pressure distribution in a processing vessel in 
case of simulating the exhausting operation of the apparatus shown in Figs. 1 and 
35 2; 

Fig. 7 is a plan view showing the etching apparatus equipped with the pair of 
turbo-molecular pumps; 
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Fig. 8 is a sectional view showing the etching apparatus equipped with the 
pair of turbo-molecular pumps; 

Fig. 9 is a view showing streamlines of exhaust gas in case of simulating the 
exhausting operation of the apparatus shown in Figs. 7 and 8; and 
5 Fig. 10 is a view showing the pressure distribution in the processing vessel m 

case of simulating the exhausting operation of the apparams shown in Figs. 7 and 
8. 

10 DESCRIFnON OF THE PREFERRED EMBODIMENT 

With reference to drawings, a vacuum processing apparatus in connection 
with embodiments of the invention will be described below. 

Fig. 1 is a sectional view of a plasma etching apparatus in accordance with 
15 one embodiment of the present mvention, while Fig. 2 is a cross sectional view 
taken along a line II-II of Fig. 1. 

As shown in Fig. 1, the plasma etching apparatus 20 is provided, in a 
processing vessel 21, with a susceptor 22 for mounting a semiconductor wafer W 
thereon. Underside of the susceptor 22, a drivmg mechanism 23 is arranged for 
20 moving the susceptor 22 up and down. Further in the susceptor 22, a plurality 
of lift pins 24 are provided for receiving the mtroduced wafer W and moving it 
up and down. Around the driving mechanism 23, a bellows 25 is arranged to 
divide the interior of the processing vessel 21 into a vacuum space and an 
atmospheric space. 

25 Arranged in a position opposing the susceptor 22 in an upper part of the 

processing vessel 21 is a shower head 26 which serves to introduce the process 
gas (e.g. CF4 etc.) into the processing vessel 21. The shower head 26 has an 
introductory part 26a formed to introduce the process gas into the head 26 from a 
gas source (not shown) and a number of gas ejecting holes 26b formed to open 

30 on the underface of the head 26. 

A high-frequency power source 29 is connected to the shower head 26 
through a matching circuit 28. With the high-frequency power supply from the 
power source 29 to the shower head 26, the plasma of process gas is produced m 
the processing vessel 2, for applying the etchmg treatment on the semiconductor 

35 wafer W. 

Beside the processing vessel 21, there is provided a gate valve 27 through 
which the semiconductor wafer W is introduced into the processing vessel 21 
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and also discharged therefrom. In case of loading and unloading the 
semiconductor wafer W, the susceptor 22 is temporarily lowered to a position on 
a level with the gate valve 27. 

On the underside of the plasma etching apparatus 20, a turbo-molecular 

5 pump 30 for sucking the exhaust gas in the processing vessel 21 is arranged in 
coaxial with the vessel 21 and the susceptor 22. As shown in Fig. 2, the turbo- 
molecular pump 30 is entirely constituted in the form of a cylinder and also 
communicated with the interior of the processing vessel 21 through the 
intermediary of an exhaust port 31 in the vessel 21. In detail, the exhaust port 

10 3 1 is arranged m the floor of the vessel 21 along its annular coaxial portion with 
the susceptor 22. Note, the exhaust port 31 may be constituted by a single 
annular port, as shown in Fig. 3 . Altematively, as shown in Fig. 4, it may be 
replaced with a plurality of exhaust ports 51 which are disposed along the 
circumference of the floor and also separated from each other in the 

15 circumferential direction. 

The turbo-molecular pump 30 constructed cylindrically on the whole 
includes an iimer housing 32 arranged mward in the radial direction so as to 
surround the lower portion of the driving mechanism 32. The turbo-molecular 
pump 30 further uicludes an outer housing 33 arranged outward in the radial 

20 direction. 

Additionally, outside the iimer housing 32, a cylindrical motor stator 34 is 
fitted to the housing 32. A motor rotor 36 is rotatably provided with respect to 
the motor stator 34 through a bearing 35 . 

The motor rotor 36 is provided, on an upper portion thereof, with a number 
25 of rotors 37 for sucking gas downward in the molecular condition. On the side 
of the outer housing 33, a number of stators 38 are fixed to the housing 33 so as 
to each extend between the adjacent rotors 37. 

As shown in Fig. 2, each rotor 37 has a number of fins 37a formed thereon so 
as to extend outwaid in the radial direction. The stator 38 provided with a 
30 number of fins as well, though they are not shown in the figures. Accordmgly, 
when the rotors 37 are rotated together with the fins 37a, they allows the exhaust 
gas to be absorbed downward in the molecular condition in cooperation with the 
fins of the stable stators 38. 

In the above-constructed etching apparatus 20, before starting the plasma 
35 etching process, the turbo-molecular pump 30 is driven to evacuate the 
processing vessel 21 into the high vacuum condition. 

Then, the process gas is introduced iato the processing vessel 21 through the 
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shower head 26 while the high-frequency power is supplied from the high- 
frequency power source 26 through the matching circuit 28, so that plasma of the 
process gas is produced in the processing vessel 21 for plasma-etching the 
semiconductor wafer W. 

5 In forming a vacuum, the rotation of the rotor motor 36 in the turbo- 
molecular pump 30 allows the rotors 37 and the fins 37 in great numbers to rotate 
in cooperation with the stable stators 38, so that the exhaust gas is sucked in the 
molecular condition in the processing vessel 21 through the exhaust port 21. 
Thus, the interior of the processing vessel 21 is maintained in the vacuum 

10 condition. 

Thus, in this plasma etching apparatus, the turbo-molecular pump 30 is 
disposed in coaxial with the susceptor 22 and the driving mechanism 23, while 
the driving mechanism 23 is arranged inside the inner housing 32 of the turbo- 
molecular pump 30. Therefore, this arrangement allows the cylindrical mrbo- 

15 molecular pump 30 to be overlapped with the processing chamber 21 downward 
in plan view. Thus, it is possible to contour the whole apparatus in the form of 
a general column without projecting the turbo-molecular pump 30 from the 
processing chamber 21. Consequentiy, it is possible to reduce the floor area to 
be occupied by the whole apparatus remarkably, whereby the etching apparatus 

20 20 can be smaU-sized entirely. 

Note, with the recent large diameter wafer, the processing vessel also tends to 
be formed to have a large diameter. In such a case, it is possible to increase the 
diameter of the turbo-molecular pump 30, corresponding to the large diameter 
processing vessel 21. Thus, in the etching apparatus 20, it is possible to 

25 maintain its compact and columnar configuration with no projection. 

Further, the larger diameter the turbo-molecular pump 30 has, the more the 
circumferential speed of the rotor 37 is increased and therefore, it is possible to 
reduce the revolutions to that increased degree. Thus, it becomes easy to meet 
the problems of vibrations etc. accompanied with high-speed rotations of the 

30 pump 30, allowing the freedom of design to be expanded and the manufacturing 
cost to be saved. 

It is noted that the turbo-molecular pump 30 conmiunicates with the 
processing vessel 21 through the exhaust port 31 (or the exhaust ports 51) in the 
vessel floor in order to perform the exhausting operation. In connection, since 
35 the exhaust port 31 (or the exhaust ports 51) is formed along the annular portion 
of the vessel floor around the susceptor 22, it is possible to evenly exhaust the 
gas in the processing vessel 21 in comparison with either case of discharging the 
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gas through the lateral side of the vessel 21 or a single small hole formed in the 
vessel floor. Thus, the uniformity of exhausting can be improved in comparison 
with the conventional structure. Additionally, the exhausting efficiency can be 
improved because of the exhausting area larger than that of the conventional 
structure. 

In the conventional case of using some turbo-molecular pumps, it has been 
required to accord the operating conditions of the respective pumps with each 
other ui order to maintain the uniformity of exhausting. On the contrary, 
according to the plasma etching apparatus of the embodiment, it is possible to 
realize the uniformity of exhausting easily owing to the single turbo-molecular 
pump 30. 

Next, we describe the comparison results of exhausting uniformity in 
simulation between the present apparatus of Figs. 1 and 2 and the conventional 
apparatus of Figs. 7 and 8. In the figures, Fig. 5 shows the exhausting 
streamlines of the apparatus of Figs. 1 and 2; Fig. 6 shows the pressure 
distribution in the apparatus of Figs. 1 and 2; Fig. 9 shows the exhausting 
streamlines of the apparatus of Figs. 7 and 8; and Fig. 10 shows the pressure 
distribution in the apparatus of Figs. 7 and 8. la Figs. 6 and 10, concentric lines 
about the respective centers designate isobars. 

By comparing Fig. 5 with Fig. 9, it will be understood that the apparatus of 
Figs. 1 and 2 has less disturbance in streamlines than the apparatus of Figs. 7 and 
8. Consequently, it is confirmed that the apparatus of the embodiment has a 
high exhausting uniformity in comparison with that of the conventional 
apparatus. Further comparing Fig. 6 with Fig. 10, it is found that the apparatus 
of Figs. 1 and 2 exhibits a circular pressure distribution, while the conventional 
apparatus of Figs. 7 and 8 has a rectangular pressure distribution. In 
comparison with the rectangular pressure distribution of the conventional 
apparatus, the apparatus of the embodiment is easy to provide an uniform 
pressure distribution due to the circular pressure distribution as the result of 
uniform exhausting. That is, in case of circular pressure distribution, the 
uniform pressure distribution can be obtained by elevating the susceptor 22. 
While, in case of non-circular pressure distribution, it is necessary to adjust the 
processing condition, for example, dispersion of the gas flows. This means that 
it is impossible for such a non-circular pressure distribution to obtain the uniform 
pressure distribution under an optional processing condition. 

The present invention is not limited to the embodiment described above and 
applicable to modifications and variations of the above embodiment. 
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For example, although the turbo-molecular pump 30 is arranged under the 
processing vessel 21 so as to be coaxial with the vessel 21 and the susceptor 22 
in the above-mentioned embodiment, the turbo-molecular pump 30 may be 
arranged above the processing vessel 21 coaxially. In such a case, the 
5 arrangement of the pump 30 around the matching circuit above the vessel 21 
would progress an effect of miniaturizing the apparatus. 

Additionally, although the turbo-molecular pump 30 is employed as the 
vacuum pump in the shown embodiment, it goes without saying that other 
pumps, for example, diffusion pump, drag pump, sputter-ion pump, cryopump, 
10 absorption pump, etc. are applicable to the vacuum pump of the invention. In 
common with these cases, it is preferable to construct the pump on use 
symmetrically about an axis. 

Furthermore, although the above-mentioned embodiment is represented by 
the etching apparatus, the present invention is not limited to this and also 
15 applicable to other vacuum processing apparatus, such as a film-forming 

apparatus. In the above-mentioned embodiment, the semiconductor wafer is 
used as an object to be processed. Nevertheless, other substrates, for example, 
LCD substrates may be used as the object to be processed. 

According to the invention, owing to the arrangement where the vacuum 
20 pump is arranged on either downside or upside of the processing vessel coaxially, 
it is possible to remarkably reduce the floor area occupied by the vacuum pump 
in comparison with the conventional arrangement of the vacuum pump on the 
lateral side of the processing vessel, whereby the whole processing apparatus can 
be small-sized. Therefore, even if the processing vessel is caused to be large- 
25 sized with the future large diameter object to be processed, it is possible to 
prevent the floor area occupied by the whole apparatus from being increased 
remarkably. 

Further, the above structure allows the exhaust port communicating with the 
vacuum pump to be formed in the vessel floor annularly, whereby it is possible to 
30 perform the exhausting operation uniformly and quickly in comparison with the 
case of absorbing the gas through the lateral side of the processing vessel. 



